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ous systemic infections in pregnant women have been associated with these adverse pregnancy outcomes, and maternal lower genital tract infections have been the focus of clinical and epidemiologic investigations for 15 years (2) . The latter are of special interest, since they may be amenable to effective intervention after pregnancy begins.
To define the interrelations among cervicitis, lower genital tract infection, and intrauterine growth retardation or preterm birth, we conducted a prospective study in a high-risk obstetric population. Specifically, we sought to identify microbiologic variables predictive of intrauterine growth retardation and/or preterm birth in an inner-city prenatal population in Baltimore, Maryland.
MATERIALS AND METHODS

Study population
Study participants were women attending The Johns Hopkins Hospital Obstetric Clinic between November 1983 and January 1985. Subjects were required to be 18 years or older, to have registered for prenatal care before the 26th week of gestation, and to be within 22 to 30 weeks of gestation. Exclusion criteria included insulin-dependent diabetes mellitus, severe heart disease, multiple gestation, chronic renal disease (serum creatinine >2.0 mg/dl), hemoglobinopathy, hypertension requiring medication, cerclage procedure, and therapy with progestational agents. In addition, women were excluded if they reported systemic or vaginal antimicrobial therapy in the two preceding weeks. All eligible consenting women were administered a baseline questionnaire to ascertain sociodemographic, medical, and obstetric information. Participants were followed through delivery and discharge.
The investigators of this study are grateful to the staff of The Johns Hopkins Hospital Obstetric Clinic for their assistance and forbearance. *B. Frank Polk died on October 11, 1988 . His talents were essential to this research.
Microbiologic procedures
After enrollment and interview, participants received a speculum examination. The ectocervix was wiped free of vaginal discharge and was inspected for ectopy, erythema outside the zone of ectopy, and friability (bleeding induced by wiping); the color of endocervical mucus was noted by gross inspection and by examination on a dacron swab (clear, cloudy, white, or yellow). Photographs of the cervix were taken with a 35-mm camera equipped with a Nikkor-C medical lens (Nikon Inc., Garden City, NY).
Subsequently, specimens were collected with sterile dacron-tipped plastic swabs by trained clinicians. According to a standardized protocol, specimens were obtained from the posterior vaginal fornix for isolation of microorganisms in the following order: Gardnerella vaginalis (3, 4) , group B streptococcus {Streptococcus agcdactiae) (5, 6) , Candida albicans (7), and Trichomonas vaginalis (8) . Next, endocervical mucus was collected on a saline-moistened swab, rolled onto two glass microscope slides, and fixed immediately in absolute alcohol for Papanicolaou smears. Endocervical specimens then were obtained for the isolation of Bacteroides fragilis (9) , group B streptococcus, Chlamydia trachomatis (10), Ureaplasma urealyticum (11) , Mycoplasma hominis (11), G. vaginalis, and Neisseria gonorrhoeae (12) . Finally, an additional endocervical swab was rolled onto a slide for direct fluorescent antibody detection of C. trachomatis (Microtrak, Syva, Palo Alto, CA) (13). The pathologists and readers of photographs were blinded with respect to the pregnancy outcome.
Definition of ceruicitis, preterm birth, and intrauterine growth retardation
Cervicitis was ascertained by direct observation at time of entry examination (defined as yellow mucopurulent endocervical discharge); by review of cervical photographs (defined as mucopurulent endocervical discharge and erythema); and by semi-quantitative assessment of polymorphoneutrophils on Papanicolaou smears. The endocervical smears were stained with Papanicolaou stain and were reviewed by one pathologist who was unaware of clinical and microbiologic findings. Variability in the thickness of the smears precluded quantitative assessment. Therefore, semiquantitative categories were established to assess the degree of inflammatory response. Inflammatory cells (polymorphonuclear leukocytes) were graded on a 0 (no polymorphonuclear leukocytes seen) to 4+ (100 per cent of smear obscured by polymorphonuclear leukocytes) scoring system. Grossly purulent smears obtained from nonpregnant subjects were used as the standard or reference for determining the grade of 4+. Scores were assigned after inspection of the entire smear, and grades of 1+, 2+, and 3+ were assigned if the summation of the respective densities of polymorphonuclear leukocytes was approximately 5 per cent, 20 per cent, and 50 per cent, respectively, of the 4+ standard. The diagnosis of cervicitis was assigned to those smears receiving a grade of 3+ or 4+.
Gestational age at birth was by obstetric estimate unless different from the Ballard score by more than two weeks, in which case the latter was used (14) . Preterm birth was defined as delivery prior to 37 weeks gestation. Birth weight and other measures of infant and maternal outcome were obtained from review of medical records at time of hospital discharge. Intrauterine growth retardation was defined as birth weight less than a standard (race-and sex-adjusted) 10th percentile for gestational age (15) . The main reason for using intrauterine growth retardation instead of low birth weight (i.e., <2,500 g) was to have an outcome substantially less associated with preterm delivery. Intrauterine growth retardation is adjusted by gestational age. Indeed, the odds ratio between intrauterine growth retardation and preterm delivery was 25 times lower than the odds ratio between low birth weight and preterm delivery in this sample. Preterm births less than 33 weeks gestation and infant deaths were too few for separate analysis.
Statistical methods
The measure of association between intrauterine growth retardation or preterm birth and each exposure variable was the odds ratio resulting from fitting the logistic regression model with the single covariate. The confidence bounds for the point estimates were calculated using the asymptotic normality of the regression coefficients. These intervals correspond to those obtained by the logit method for binary variables (16) . We present two-sided 90 per cent confidence intervals for all estimates. The lower bounds of these intervals correspond to the one-sided 95 per cent confidence bounds. For the variables of interest (i.e., colonization by microorganisms), onesided lower bounds are appropriate since a protective effect is not tenable. Multiple logistic regression modeling was used to determine the best independent predictors of the outcomes of interest, adjusting for possible confounders (17) . Independent predictors include binary, categorical, and continuous variables. For the categorical variables, we created as many indicator variables as the categories, minus one. The category not included was used as the reference and is identified by an odds ratio equal to one in the tables presented. The different models were fitted using the PROC LOGIST of the SAS package (18) . Goodness of fit was evaluated by the method of Lemeshow and Hosmer (19) .
RESULTS
During the period of study enrollment, 1,095 women meeting the age and gestational age criteria were seen in the clinic. Of these, 823 were enrolled in the study, 79 were interviewed but refused speculum examination, 37 refused participation altogether, and 156 were excluded for medical reasons listed above. The results presented are limited to 801 participants with a complete data base. Selected characteristics of the study population are presented in table 1 . In general, the population was young, cent; and by assessment of the photographs poor, black, and unmarried. Most subjects (L. B. and B. F. P.) in 31 per cent, were sexually active by the age of 17 years, With respect to the occurrence of the two and notable proportions used cigarettes, al-outcome variables, intrauterine growth recohol, and/or marijuana during the study tardation occurred in 65 (8 per cent) of the pregnancy.
pregnancies studied, and 106 (13 per cent) Results of the microbiologic studies are infants were preterm. The number of inshown in table 2. Isolation rates were com-fants who were both intrauterine growthparable to those reported by others from retarded and preterm was 15. The two outsimilar populations, except for U. urealyti-comes were associated. Indeed, the proporcum. Cervicitis was judged by direct observ-tions with intrauterine growth retardation ers to be present in 12 per cent; by the among those at term and preterm were 7.2 pathologist (G. H.) in 10 per cent; by either per cent (50/695) and 14.2 per cent (15/ the direct observers or pathologist in 21 per 106), respectively (odds ratio = 2.1). Al- 
The variables shown in table 3 were entered into a step-up multiple logistic regression analysis in which risk factors were entered one at a time according to the significance of the association. The one exception was age, which was kept in every model. The results of the final models for intrauterine growth retardation and for preterm birth are given in tables 4 and 5, respectively. After adjustment for other risk factors, the odds ratio associating C. trachomatis with intrauterine growth retardation was slightly enhanced, apparently partly because of an inverse association between smoking and colonization with C. trachomatis in this population. The associations of M. hominis and C. trachomatis with preterm birth persisted after adjustment for other significant variables. To better direct attention to associations with the various microorganisms, we compared the likelihood values of the models in tables 4 and 5 with and without the organisms. Inclusion of the microorganisms improved the likelihood significantly (p < 0.01) for both outcomes. There were no significant interactions between organisms, including those that were not significant in the univariate analysis. The goodness of fit of the models in tables 4 and 5 was assessed using the procedure proposed by Lemeshow and Hosmer (19) . Both models fitted the data well. The p values for the goodness-of-fit Of the seven variables that are significant, independent predictors of intrauterine growth retardation or preterm birth in this population, only five (cigarette smoking, alcohol intake, colonization with C. trachomatis, colonization with M. hominis, and colonization with C. albicans) are potentially mutable after conception has occurred. By means of the prevalence of these exposures in our population and the point estimates of the effect measures (odds ratios) from the two final models, the attributable risks for each of these exposures were calculated (16) . In our high-risk population, 13 per cent, 22 per cent, and 9 per cent of intrauterine growth retardation may be attributable to light, moderate, and heavy cigarette smoking, respectively; 13 per cent may be explained by heavy alcohol intake, 17 per cent by colonization with C. trachomatis, and 26 per cent by colonization with C. albicans. Similarly, 9 per cent, 4 per cent, and 5 per cent of preterm delivery may be attributable to light, moderate, and heavy cigarette smoking, respectively. Colonization with M. hominis may explain 21 per cent and colonization with C. trachomatis may explain 8 per cent of pretenn births in this population.
DISCUSSION
Live birth of small-for-gestational-age infants and live birth before 37 completed weeks of gestation remain important problems in modern obstetric practice. The etiologies and pathogenesis of these two adverse pregnancy outcomes may be quite different. However, many previous studies have not distinguished between neonates who are born too soon and those born too small for their gestational age. Because it is easier to retrieve accurate and precise measures of birth weight than to estimate gestational age, most epidemiologic studies have used the single outcome variable birth weight <2,500 g, irrespective of gestational age. We have attempted to identify separately risk factors for intrauterine growth retardation and preterm birth. Although intrauterine growth retardation and preterm birth were associated (odds ratio = 2.1), the association was considerably lower than that of prematurity and preterm birth (odds ratio = 53.6). In the study of factors associated with these outcomes, the choice of intrauterine growth retardation and preterm birth is more appropriate than that of prematurity and preterm birth. In particular, if a variable is associated with prematurity, it is very likely that it will be associated with preterm birth also. Although not negligible, this redundancy is considerably less likely to happen in the context of intrauterine growth retardation and preterm birth. To assess further the independent association of the variables considered in this analysis with each of the outcomes (i.e., intrauterine growth retardation and preterm birth), we computed the odds ratio of each of the microorganisms in table 3 with an outcome, adjusting for the presence of the other. The adjusted odds ratios were practically identical to the unadjusted odds ratios. Specifically, the odds ratios for preterm birth of 0.88, 2.13, and 1.52 for C. albicans, M. hominis, and C. trachomatls (see table 3) changed to 0.84, 2.15, and 1.45, respectively, when adjusted for intrauterine growth retardation. Similarly, the odds ratios for intrauterine growth retardation of 1.80, 0.96 and 1.73 for C. albicans, M. hominis, and C. trachomatis (see table 3) changed to 1.84, 0.87, and 1.63, respectively, when adjusted for preterm birth.
A growing body of evidence suggests that maternal genital infections, particularly sexually transmissible infections, may be among the most important of preventable causes of premature delivery (1, 2, 20) . Increased rates of preterm birth or low birth weight have been associated with maternal infection by N. gonorrhoeae (21) (22) (23) , C. trachomatis (24) (25) (26) , M. hominis (27) (28) (29) (30) , U. urealyticum (27, 31, 32) , group B streptococcus (33, 34) , and T. uaginalis (35) . Most of these studies focused on a single microorganism and failed to control for confounding variables. Moreover, still other studies have failed to confirm these associations (36) (37) (38) (39) (40) (41) . None of these studies have evaluated simultaneously the independent associations between each of these organisms and pregnancy outcome or have looked for interactions between or among them.
In this prospective study, we identified variables that were statistically significant predictors of each intrauterine growth retardation and preterm birth. Some of these factors explain clinically important proportions of these outcomes and are potentially susceptible to intervention, even after pregnancy has been diagnosed.
We found low prepregnancy weight to be a significant predictor of intrauterine growth retardation in the study pregnancy, but this cannot be altered once gestation has begun. In addition, however, we identified maternal genital infection with C. trachomatis or C. albicans, maternal cigarette smoking, and maternal alcohol intake to be significantly associated with intrauterine growth retardation deliveries. An interesting feature of the data was the apparent increase in importance of C. trachomatis as a risk factor for intrauterine growth retardation when smoking was taken into account. This was largely because of the lower prevalence of C. trachomatis in smokers (12 per cent) as opposed to nonsmokers (19 per cent), which has been reported previously (35) . Whether this inverse association has a biologic basis or reflects unknown differences in lifestyle is uncertain. However, failure to adjust for smoking in some earlier studies may have obscured the importance of this organism. An association between maternal colonization with C. albicans and intrauterine growth retardation has not been reported previously.
Previous delivery of a low birth weight infant, maternal smoking, and maternal genital infection with M. hominis or C. trachomatis were significantly associated with preterm birth in this study. M. hominis has been reported by some to be associated with increased risks of prematurity, stillbirth, and neonatal death (27) (28) (29) (30) , while others have found no association (36, 38, 39) . C. trachomatis has been less consistently identified as a predictor of adverse pregnancy outcome (24) (25) (26) , with more studies failing to find an overall association (36) (37) (38) (39) (40) (41) .
These inconsistencies may be related to population differences, variability in isolation techniques, and/or considerations of sample size and statistical power. Overall, the evidence supporting these associations seems persuasive, but carefully designed intervention trials will be necessary to clarify the role of M. hominis, C. trachomatis, and C. albicans as causal factors with regard to intrauterine growth retardation, preterm birth, or both. Causal roles for these (and other) genital pathogens would be strengthened if the biologic mechanisms were better understood.
Cigarette smoking has been repeatedly and consistently associated with reduced birth weight, and possible mechanisms, including reduced placental blood flow, have been suggested (1, 42, 43) . Furthermore, a controlled intervention study has demonstrated the benefit of smoking cessation, with increased birth weight of infants born to mothers who stopped smoking during pregnancy (44) . Less is known about the association between cigarette smoking and preterm delivery. The observed association between maternal alcohol intake and intrauterine growth retardation in this study is not as uniform as that between cigarette smoking and intrauterine growth retardation (42) . Nonetheless, advising women to avoid both these substances during pregnancy is warranted.
We did not confirm previously observed associations between group B streptococcus, T. vaginalis, or U. urealyticum and either intrauterine growth retardation or preterm birth. It should be noted that the proportion of women from whom we isolated U. urealyticum was lower than is generally observed and may have been spuriously low for unclear technical reasons. Neither did we find an independent association between cervicitis, variously defined, and adverse pregnancy outcome. In part, this may be because of the observed association between C. trachomatis and cervicitis, such that most of the predictive factors of cervicitis may be attributed to C. trachomatis. However, the diagnosis of cervicitis during pregnancy is less accurate and less precise than that in nongravid women, suggesting that misclassification might obscure a meaningful association.
We have presented attributable risk estimates for the potentially mutable risk factors in this population. While they are impressive, they must be interpreted with caution. The word attributable may connote the sense of causality more strongly than is warranted. As noted above, only maternal cigarette smoking is reasonably well established as a cause of low birth weight. Women should be advised not to smoke, especially during pregnancy, and not to drink alcohol, at least immoderately, during pregnancy. Causal relations between M. hominis, C. trachomatis, or C. albicans and adverse pregnancy outcome have not been established, but an ongoing randomized clinical trial funded by the National Institute of Child Health and Human Development may clarify the role of C. trachomatis. In this ongoing study, pregnant women colonized with this pathogen are randomized to receive erythromycin or placebo and followed to delivery. Since eryth-romycin is ineffective against M. hominis and C. albicans, however, this study is not likely to clarify their possibly causal roles. Routine screening for and treatment of these microorganisms in pregnant women are not yet indicated, at least for the purpose of preventing preterm or low birth weight deliveries.
There are limitations to our study. While larger than the sample size in most previously reported prospective studies, our sample size was moderate, and consequently we may have missed potentially important associations. We classified the infection status of each participant on the binary result of a single culture; misclassification of exposure status is therefore possible, as is misclassification of gestational age at birth. It is thus probable that our estimates of effect measures (odds ratios) are conservative. In order to establish doseresponse relations, future studies should attempt semiquantitative cultures on two or more occasions in the last half of pregnancy. We did not address directly the entity variously termed nonspecific vaginitis or bacterial vaginosis, which has been suggested as a predictor of preterm delivery in one study (45) .
Although we attempted to identify most pathogens of current interest, it remains possible that M. hominis, C. trachomatis, C. albicans, or all three pathogens are markers for other agents that are causally associated with adverse pregnancy outcomes. Further observational and experimental epidemiologic studies should clarify these issues and hopefully identify some interventions that will safely yield a reduction in the incidence of intrauterine growth retardation and preterm birth.
